Introduction
As the energy demands are increasing, the need for more efficient and versatile power conversion devices has become paramount [1] [2] [3] . The use and commercialization of fuel cells as power conversion devices have escalated in the past few decades due to their scalability, versatility, ability to be integrated with other power conversion devices, and minimal environmental impact 4 . The fuel cell industry sales are estimated to reach $1.3 billion in 2013 5 . Page 26.1010.2
According to one prediction, the fuel cell and hydrogen industry worldwide will grow to be a $180 billion dollar industry by 2050 6 , and generate up to 180,000 job positions by 2020 7 .
To meet the employment demands of the fuel cell industry, educating the current and future generations of engineers and scientists in fuel cells has become of utter significance. Many educational institutions offer courses related to fuel cell or hydrogen technology 8, 9 , and mostly the courses follow the conventional teaching style based on classrooms and books. Furthermore, very few present the educational contents in an inter-connected manner that brings together different perspectives on fuel cell systems. The purpose of this work is to show the development, testing, and evaluation of a software package that is to be used as an augmented learning tool in undergraduate fuel cell courses. The emphasis of this tool is the system level thinking of fuel cells and the interconnection among different levels of fuel cell knowledge. The targeted users mainly include undergraduate students in the majors of materials, mechanical, and aerospace engineering.
The effect of the software in enhancing students' learning is also evaluated. Quasi-experimental research is designed to evaluate the effectiveness of the developed software modules. The test group for the current study included around 145 senior undergraduate students in a senior design course.
In this paper, first we will describe the methodology we used in developing the software package. Then several examples in the software modules will be illustrated. After that, the Page 26.1010.3
results from the evaluation of the tool in a senior undergraduate student group will be discussed;
followed by a conclusion and future work.
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Methodology of Software Development
The software was designed with deliberate consideration and a trial-and-error method to find the best way to present the educational material to maximize retention of the material. The main goals of the software are that it has to be easy to use, be highly interactive, gives the student the freedom to learn in their own style, and serves as a supplemental learning tool for fuel cell courses.
The software is designed using Adobe Flash Professional and Microsoft PowerPoint 2013. The software can be accessed and used by students on computers with a standard operating system, a web browser, and an internet connection. The minimal hardware and software requirements make it easy for students to use the software. The instructor could give the students the option to open the software and follow along in the classroom or they could just have the students go over the software outside the classroom.
The software is divided into five modules; each module has sub-modules that contain "slides" From here if the student wants to go deeper into the understanding of the science behind the three different types of losses, the student could click on any of the three colored regions in the current-voltage plot, which will take them to the Fuel Cell Science module where the concept of Reaction Kinetics will help explain activation losses 10, 12 . The Charge Transport sub-module will explain Ohmic losses and the Mass Transport sub-module will make the concept of concentration losses 10, 12 clear. and have the issue of water flooding since the water in the cell will remain in the liquid form.
The two contributing factors of this issue is electro-osmotic drag and back diffusion 10 . Parts (c), Page 26.1010.12 motivation data 16 . The Cronbach alpha value is 0.91 for the current data. The researchers created a Fuel Cell Knowledge Test which was used to collect student learning outcome data before and after the software intervention period.
Data Collection Procedure:
Paper-based test and survey were given to the students in a normal classroom setting. Before the class, the researchers distributed the test papers and questionnaires to the students in one large classroom along with the consent form approved by IRB as the cover page of the survey package. One of the researchers read the consent form to the students and made students aware that they were invited to participant the research on a volunteer basis. Table 1 ), and the mean of post-test motivation score (M = 69.10; SD = 14.13) was 2.09 points higher than the mean of pre-test score (M = 67.01, SD = 13.01). The analysis also revealed that the learning outcomes of students were significantly increased with F(1) = 20.59 (p < .001) (See Table 2) while controlling for the motivation of students. The mean of students' post knowledge test score Page 26.1010.13 
Conclusion
In this paper, a recently developed software tool is discussed, which can be used as a secondary learning tool for students who are interested in fuel cell and hydrogen related technologies. The technical contents are presented in the form of videos, figures, animations, and text; and all the modules and sub-models in this tool are interconnected. Up to now, a total of five modules have been developed with system level thinking, and some pedagogical effects have been assessed in one senior undergraduate class. It is shown that both students' motivation and learning outcome are significantly improved.
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